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Research Article 
INTRODUCTION 
India has vast fisheries resources with a contribution 
from both inland and marine sector. The inland fisher-
ies resources of the country include a length of 0.19 
million km rivers and canals and 6.76 million ha area 
of reservoirs, ponds and tanks, beels, oxbow lakes 
and derelict waters.  During 2018-19, the annual pro-
duction of the country was 13.7 million metric tonnes 
(MMT) with a contribution of 8.92 MMT (65%) from the 
inland sector alone (Economic Survey, 2109). India 
ranks second in fish production and second-largest 
aquaculture nation in the world next to China. Howev-
er, available technologies were demonstrated that 
inland fish production could easily be enhanced mani-
folds. Assam occupies a significant position among 
major inland fish producing states in India. However, 
Abstract 
Fish is an essential component of the diet of the most populace in Assam and fish farming has been one of the sources of 
livelihood in rural areas. Assam ranks first in fish production among North-eastern states of India. However, fish production 
is not sufficient to meet the demand despite having vast aquatic resources in the state. The present study was undertaken to 
determine the decadal growth of fish production in the state using the compound growth rate. The study also attempted 
modelling and forecasting of fish production in Assam using Auto-Regressive Integrated Moving Average (ARIMA) methodol-
ogy. For the present study, time-series data on fish production in Assam from 1980-81 to 2018-19 was obtained from Direc-
torate of Fisheries, Government of Assam. Data for the period 1980-81 to 2014-15 was utilized to build an ARIMA model and 
validated through the remaining data from 2015-16 to 2018-19. The best suitable model for the state‟s fish production was 
ARIMA (1,1,0) based on values of the model selection criterion. The actual fish production and forecast values using a fitted 
model were in close agreement. The out-of-sample forecast values of fish production in the state for the subsequent years 
2019-20 to 2022-23 showed an increasing trend from 336.97 to 358.21 thousand metric tonnes. Considering the vast aquatic 
resources in the state, the study calls for serious attention by policymakers, researchers and developmental agencies for 
harnessing the potential of fisheries resources for making the North-east region self-sufficient in fish production as a whole 
and Assam in particular.   
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Assam has the highest fisheries resources as well as 
fish production among north-eastern states in the 
country. About 90 per cent population of the state are 
fish eaters (Das et al., 2017a). Fishery sector provides 
direct employment in the producing units (primary lev-
el) and indirect employment through its ancillaries and 
associated activities (value chain). The state has vast 
and varied resources under fisheries of around 2.86 
lakh hectares (excluding river fisheries). Floodplain 
wetlands, locally known as beels, located in Brahma-
putra and Barak river basins (Acharjee et al., 2009;  
Das et al., 2009; Borah et al., 2017; Das et al., 2017a; 
Das et al., 2018) are an important component of the 
fisheries of the state with an area of over 100,000 hec-
tares (Kumar et al., 2017a; Nath et al., 2017; Borah et 
al., 2020; Sarkar et al., 2020). The total fish production 
in the state was 3.31 lakh metric tonnes (MT) during 
2018-19 against the estimated nutritional demand of 
3.43 lakh MT (considering per capita fish consumption 
@11kg).  In spite of having vast aquatic resources and 
recent technological advances, the fish production 
from the state in terms of its potential is yet to be 
achieved. The fishery sector contributed Rs. 475,816 
lakhs during 2015-16, Rs. 498,850 lakhs during 2016-
17 (Quick estimates) and Rs. 522,478 lakhs during 
2017-18 (advanced estimates) to the State Gross Do-
mestic Product with a growth rate of 4.68% per year, 
during the period (Economic Survey Assam, 2018). 
Proper trend analysis and forecast of fish production is 
of immense value in an economic system. An unex-
pected decline or surplus in production can lead to a 
sharp increase or decrease in prices and has signifi-
cant social implications as well, as it affects the family 
and community life of farmers. Impact on the price of 
an essential commodity has a significant role in deter-
mining various economic phenomena. The proper fore-
cast would pave the way for policymakers in formulat-
ing appropriate policy measures and ensure profit for 
the fish farmers.  
Compound growth rate (CGR) has been widely used to 
estimate growth trends in the fisheries sector (Jeyanthi 
and Nikita, 2012; Debroy et al., 2016 and Sharma, 
2017).  Previously attempts have been made to fore-
cast fish production using ARIMA models (Paul and 
Das 2010; Anuja et al., 2017; Kehinde and Joseph 
2018; Mah et al., 2018; Mehmood et al., 2020).  ARI-
MA models were also used to obtain a seasonal fore-
cast of fish production in Odisha (Raman et al., 2017). 
Apart from fisheries, ARIMA models were used for 
forecasting India‟s sugarcane productivity (Kumar et 
al., 2017b), eggs production (Chaudhari and Tingre, 
2015) and milk production (Mishra et al., 2020).  
Against this backdrop, the present study was carried 
out to analyze the growth trends of fish production in 
Assam, a potential state in North-eastern India, and 
forecast and validate the fish production using Auto-
Regressive Integrated Moving Average (ARIMA) models. 
MATERIALS AND METHODS 
Data collection: The time-series data on fish produc-
tion (in thousand MT) in Assam for a period of 39 
years from 1980-81 to 2018-19 was obtained from the 
Directorate of Fisheries, Government of Assam (DoF, 
2019) for conducting the present study.  
Estimation of compound growth rate (CGR): The 
CGR of fish production in Assam were estimated by 
fitting a log-linear model (Salim and Biradar, 2009). 
The significance of growth rate was tested by applying 
t-test. It works on the null hypothesis that change in 
fish production in a given year would depend on the 
fish production in preceding year.  The model is ex-
pressed as ,   
  is the fish production in the year t  for which 
growth rate is estimated, A is constant, r is rate of 
 
annual  increment,                     and
 Compound growth rate (CGR) was estimated as  
 
 
ARIMA Model: Time series data refers to observ-
ations on a single phenomenon collected over an eq- 
basic assumption that some feature of the past pattern 
will continue to happen in future. The objective of the 
present study was to develop a suitable forecast mod-
el for describing fish production in Assam. Univariate 
Box-Jenkin‟s ARIMA technique, which provides a par-
simonious model and lowest forecast error, has been 
applied for obtaining the same. Mathematically, an 
ARIMA model with order of autoregression (AR) p, 
order of differencing d, and moving average (MA) or-
der q is denoted by ARIMA(p, d, q), has the following 
expression:  
 
where,  is the fish produc tion at time t ;





 In this approach, the most reliable forecast model is au- 
tomatically selected from the family of ARIMA mod-
els by going through three iterative stages, that is, 
identification of order of model (through transfor-
mation, differencing, Augmented-Dickey-Fuler- ADF 
unit root stationary test, order determination, analyses 
of autocorrelations and partial autocorrelations func-
tion), estimation of model parameters (using least 
squares methods), and diagnostic checking for the 




ual interval of time. Time series modelling works on the 
and
are polynomials in f degree p and q, respecti-
vely;
and
tic-Q for residuals autocorrelations). For identification 
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stage, forecasts of future values of the fish production 
in Assam were generated using a finalized model. 
Evaluation of forecast values was carried out with 
mean absolute error (MAE), mean absolute prediction 
error (MAPE), and root means square error (RMSE). 
Box et al. (2007) has given an excellent discussion of 
different phases of time series approach. In this study, 
we used PROC ARIMA in SAS (v 9.2) and forecast 
package in R (v 3.5) for model development. A sche-
matic diagram of Box-Jenkins iterative approach to the 
model building is depicted in Fig. 1 (adapted from Ku-
mar et al., 2017b). 
RESULTS AND DISCUSSION 
Growth performance of fish production: We com-
pared the decadal growth performance of fish produc-
tion in Assam during the period 1980-81 to 2018-19. 
The whole period was divided into four decades, viz. 
1980-81 to 1989-90 (Period 1), 1990-91 to 1999-00 
(Period 2), 2000-01 to 2009-10 (Period 3), and 2010-
11 to 2018-19 (Period 4) to understand the decadal 
performance. Decadal growth rates of fish production 
in Assam were depicted in Table 1. The fish produc-
tion increased from 42.7 thousand MT in 1980-81 to 
331.1 thousand MT 2018-19 with an average produc-
tion of 161.8 thousand MT during the period. The 
growth rates of fish production were recorded positive 
and significant (p<0.05) over the decades, with highest 
growth rate and instability observed in period 2 fol-
lowed by period 4. Despite the fact that Assam has 
vast aquatic resources, the growth performance of the 
fishery sector in the state leaves much to be desired. 
However, there is a moderate increase in fish produc-
tion in the last decade. The expansion of area under 
aquaculture and development of open water fisheries 
resources (floodplain wetlands locally called beels, 
reservoirs, etc.) has to become an important option to 
enhance fish production. Further, derelict water bodies 
could be an important resource to provide a significant 
boost to the state‟s fish production to meet the ever-
increasing demand of growing population and econo-
my. The enormous floodplain wetlands in Brahmapu-
tra basin of Assam has been laying fallow 
(Jayasankar, 2018). The fish production will increase 
tremendously by bringing these water bodies under 
the ambit of culture-based fisheries. According to a 
study, an expected fish production of 81,900 MT can 
be realized after intervention through scientific man-
agement (enclosure culture and stock enhancement) 
of open water fisheries resources in the state (Das et 
al., 2017a, Das et al., 2017b, Das et al., 2018, Sarkar 
et al., 2020). Hence, the development of these water 
bodies is one of the focus areas of the government for 
increasing fish production (DADF, 2019). The fish pro-
duction in Assam grew at a rate of 5.6% during the 
past four decades, indicating there is an untapped 
growth potential for fish production in the state. In or-
der to tap the vast potential of the fisheries sector, the 
Centre and State governments have launched pro-
grams like “Blue revolution 2.0/ Neel Kranti Mission”, 
“Doubling the farmers‟ income by 2022” since 2015-
16, “Ghare Ghare Pukhuri Ghare Ghare Maach 
(fishery in every household)” since 2017-18 and re-
cently launched “Pradhan Mantri Matsya Sampada 
Yadav, A. K. et  al. / J. Appl. & Nat. Sci. 12(3): 415 - 421 (2020) 
Note: *,** indicates significance at 1% and 5% level of significance respectively. Figure in parentheses represents value of R-square. 
Table 1. Descriptive statistics and rate of growth of decadal fish production („000 MT) in Assam. 
Decadal period Mean SD CV (%) CGR (%) 
Period 1 50.2 6.14 12.2 3.7* (0.90) 
Period 2 143.1 25.2 17.6 6.2** (0.60) 
Period 3 183.7 19.2 10.5 3.3* (0.87) 
Period 4 282.7 35.6 12.6 4.7* (0.92) 
Entire Period 161.8 86.2 53.3 5.6* (0.88) 
Fig. 1. Stages in Box-Jenkin’s iterative approach to the 
model building (adapted from Kumar et al., 2017b). 
of the best fitted ARIMA models, the fit statistics AIC- 
Akaike Information Criterion (Akaike, 1972) and the 
BIC- Bayesian Information Criterion proposed by 
Schwartz, 1978 were used. Finally, in the forecasting 
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Yojana (PMMSY)” in 2019-20.  
ARIMA Models: This study was undertaken to attempt 
forecasting the fish production in Assam through the 
fitting of well-known Box-Jenkin‟s univariate Auto-
Regressive Integrated Moving average (ARIMA) mod-
el. Time series data on fish production from period 
1980-81 to 2018-19 was collected from Directorate of 
Fisheries, Govt. of Assam (DoF, 2019) for the study. 
The data from 1980-81 to 2014-15 was used to build 
an ARIMA model and validated through a four year 
period from 2015-16 to 2018-19.  
Fitting of ARIMA Model: First and foremost stage in 
the identification of an ARIMA model was to check 
whether series is stationary or not. The graph of the 
time series data (Fig.2) exhibited a linear trend in fish 
production, indicating that the series was non-
stationary. The estimated autocorrelations functions 
(ACF) and partial autocorrelations functions (PACF) 
plot of the series up to lag 8 were reported in Table 2. 
Besides the graph of the original series, the non-
stationary behavior was also indicated by the very 
slow decay of autocorrelation value for the series 
(Table 2). Augmented Dickey and Fuller (1979) test for 
unit root was applied for testing the null hypothesis 
Yadav, A. K. et  al. / J. Appl. & Nat. Sci. 12(3): 415 - 421 (2020) 
Table 2. Sample autocorrelation functions (Acf) and partial autocorrelation functions (Pacf) of the original and  
differenced series. 




ACF of the first 
differenced series 
PACF of the first 
differenced series 
1 0.902 0.902 0.338 0.338 
2 0.803 -0.062 0.110 -0.005 
3 0.702 -0.063 -0.088 -0.139 
4 0.603 -0.048 -0.084 -0.014 
5 0.508 -0.044 -0.110 -0.067 
6 0.418 -0.033 -0.120 -0.081 
7 0.333 -0.035 -0.187 -0.142 
8 0.258 -0.010 -0.171 -0.090 
Fig. 3. Observed and fitted values of fish production.  Fig. 2. Fish production in Assam during the period 1980-
2014.  










der null hypothesis, the estimated value of  = -2.236 
was not significant (p-value = 0.48), thereby null hy-
pothesis to be accepted. From the values of ACF, 
PACF and unit root test, differencing of the fish pro-
duction data was required to make it stationary.  
The first differenced series of original fish production 
data showed appropriate stationary behaviour. The 
ACF values of the differenced series were observed to 
be small and dropped off after lag 1 (Table 2). This 
suggested that the series was stationary after first dif-
ference and hence the value of d was selected as 1. 
Since the ACF values have an exponentially decaying 
pattern and its PACF values cut off to zero after lag 1, 
suggested an autoregressive (A.R.) model of the order 
1. So, ARIMA(1,1,0) model which contains only one 
auto regression term  was selected tentatively. In 
this study, different auto-regression models up 
to order 2 were attempted. Based on the minimum 
values AIC and BIC selection criterion, ARIMA(1,1,0) 
was proposed as the best suitable model for fish pro-
duction in Assam (Table 3). The estimated values of 
the parameters along with their standard error for the 
fitted ARIMA(1,1,0) model were presented in Table 4.  
The graph of actual data on fish production and pre-
dicted values by the fitted model was presented in 
Fig. 3. The actual and forecast values were in close 
agreement with each other. The R-square value of the 
fitted model was 0.91. Thus, the fitted ARIMA(1,1,0) 
model was good and amenable to capture the trend 
of fish production in Assam. 
After model fitting, goodness-of-fit checks for the ade-
quacy of fitted models were performed. A model is 
said to be statistically adequate if residuals are not 
auto-correlated. The estimated values of ACF and 
PACF of residuals of the fitted model were presented 
graphically in Fig.4, which showed that both ACF and 
PACF were lying within the 95% confidence limits. The 
non-significance of ACF and PACF of residuals 
showed that residuals were independent. Further, Chi- 
squares test suggested by L-Jung and Box- test using 
Q-statistics ( L-Jung and Box 1978) for the fitted model 
was not significant (p>0.05), thereby indicated that the 
model was able to capture the dependence in time 
series. Thus, the diagnostic checks confirmed that 
ARIMA(1,1,0) was appropriate and parsimonious. 
After confirming the validity of the fitted model, it was 
used for forecasting over the validation period (2015-
19) and reported in Table 5. The predictive perfor-
mance of the model was checked by comparing the 
forecast values against the actual observations. Mean 
absolute error (MAE), Mean absolute percentage error 
(MAPE) and Root mean square error (RMSE) were 
calculated for forecast evaluation. The values of MAE, 
Yadav, A. K. et  al. / J. Appl. & Nat. Sci. 12(3): 415 - 421 (2020) 
Model AIC BIC 
ARIMA(1,1,0) 252.98 256.03 
ARIMA(0,1,1) 253.63 260.29 
ARIMA(1,1,1) 257.07 263.18 
ARIMA(2,1,0) 256.71 261.84 
ARIMA(2,1,1) 255.51 258.14 
Table 3. AIC and BIC values of different ARIMA models 
for fish production in Assam. 
Parameter Estimates Standard 
Error 
t-value 
A.R. lag1 ( 0.346 0.118 2.16** 
Constant 7.079 2.497 2.83 
Table 4. Parameter estimates of fitted ARIMA (1,1,0) for 
fish production in Assam. 
Note: ** Significant at 5% level of significance 
Table 5. Forecast of fish production („000 MT) for fitted ARIMA(1,1,0) model.         
Year Actual Forecast 
Standard error 
of forecast 
95% Confidence Limits 
Upper Lower 
2015 294.2 301.011 16.2756 269.11 332.91 
2016 306.6 309.666 21.6159 266.092 350.825 
2017 327.3 317.789 29.9868 264.016 381.562 
2018 331.1 325.883 33.4462 264.33 395.437 
2019   336.968 36.5866 265.259 408.676 
2020   344.049 39.4802 266.669 421.428 
2021   351.128 42.1761 268.464 433.793 
2022   358.208 44.7105 270.577 445.839 
Note: Year (Example, 2022) denotes financial year (Example, 2022-23). 
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MAPE and RMSE for the fitted model were computed 
as 6.365, 2.021 and 6.816, respectively. Finally, the 
above-fitted model was used for forecasting fish pro-
duction in Assam for the period 2019-20 to 2022-23 
(Table 5). An increasing trend was observed for fish 
production in Assam during the forecasted years. The 
present nutritional demand of 3.54 lakh tonnes of fish 
in the state (considering 90% estimated population in 
2020 are fish eaters and per capita fish consumption 
@ 11kg) may be fulfilled by 2022-23. However, the 
present fish production of the state needs to be dou-
bled through a holistic approach to meet the per capita 
fish consumption of 20 kg in near future.  
Conclusion 
The study showed low, stable growth of fish produc-
tion in Assam. However, the growth rates were posi-
tive over the decades, indicating a healthy trend. The 
study attempted to develop the model to forecast the 
fish production in the state using a time-series ap-
proach. ARIMA(1,1,0) model was found suitable and 
amenable to capture the trend of fish production in 
Assam. The forecasts values by the fitted ARIMA
(1,1,0) model showed an increasing trend in fish pro-
duction of Assam and the state to become self-
sufficient in fish production in near future. Considering 
the vast open water resources in the state, the growth 
 and  trend of fish production leave much to be desired. 
 There are substantial opportunities to increase fish prod- 
uction through more productive use of aquatic resources. 
The fish production can be enhanced considerably by 
bringing the floodplain wetlands (beels) and derelict 
water bodies under the ambit of culture-based fisher-
ies. Adoption of enclosure culture for raising stocking 
materials and marketable fish in open waters can 
enhance fish production. The study calls for serious 
attention by policymakers, researchers and develop-
mental agencies for harnessing the potential of these 
resources for making the North-east region self-
sufficient in fish production as a whole and Assam in 
particular.     
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